In its equivalent circuit depicted in Fig. 1 .c, θ T = θ 1 + θ 2 represents the total electrical length of the resonator while θ 1 , θ 2 are the electrical lengths of the short and the long paths of the resonator.
Assuming a lossless transmission in the open circuit, the expression of the input impedance can be given by the equation (1) [14] .
(1)
Where Z in , Z 0 and θ are the input impedance, the characteristic impedance and the electrical length of the transmission line respectively.
From the Fig1.c the input admittance can be written as:
Y in is the input admittance from any point within its length given by the equation (5).
A standing wave can be maintained in the resonator when Y in = 0, otherwise the resonances occur at:
θ T = n π or l = nλ/2. Fig. 2 presents the voltage distribution in the straight-line resonator at the fundamental frequency and the second harmonic (n=1, 2). We conclude that the voltage attains a maximum since the open ends of the resonator force the current to be zero. Also the voltage pass by a zero when Y in = ∞ (or Z in = 0), this occurs at the first resonant frequency when (θ 1 = θ 2 = π/2) and at
the second resonance when (θ1 = π/2 and θ 2 = 3π/2). So it's important to know when the voltage is null because the resonator cannot be excited by the feed line at these points. [15] Many approaches are possible to design a diplexer based on different filter configurations such as low pass and high pass filters, two band pass filters or band pass and band stop filters [16] . In our case the construction of the proposed diplexer begins by the design of two BPFs operating at 2.4/5.2 GHz respectively. The transmit filter (Tx) is the filter operate in the 2.4 GHz and the filter centered at 5.2
GHz is denoted receive filter (Rx).
The full-wave electromagnetic simulator ADS is used in the first time to characterize the frequency response of the diplexer and in order to verify its electrical performances, CST-MW is used to design and to simulate the circuit. for the input and the output of diplexer are placed in close proximity to each resonator; the common port is connected directly to an asymmetric microstrip fork-form feed line coupled to the two resonators. To connect the Tx and the Rx filters, the T-junction remains the most used, however diplexers with the T-junction configuration are too large. The coupled-junction represents a good alternative not only to reduce the diplexer size but also to obtain better insertion loss and rejection performances.
The dimensions of the asymmetric microstrip fork-form feed line, the open loop resonators and the I/O ports should be selected carefully and adjusted by a full wave electromagnetic analysis to improve the performances of the diplexer. In order to obtain a high isolation between the two channels the input impedance seen into the Tx filter is infinite when the Rx filter is operated, and vice versa for Tx [17] - [18] , so two band pass with high selectivity provides the possibility to design with high isolation a microstrip diplexer.
The design parameters of the proposed diplexer structure shown in fig. 3 were optimized by using ADS. L1= 4.5, L2= 9.89, L3= 4.12, L4= 2.54, L5= 7.8, L6= 3, L7= 6.08, L8 = 4.49, L9= 6, L10= 12, L11= 4.27, L12=15.5, L13= 8.4, L14= 11.82, L15= 3, W1= 1, W2= 2, W3= 2, W4= 0.5, W5= 0.5, W6= 1.5, W7=1,W8= 1, S1= 0.3, S2= 0.3, S3= 0.2, S4= 0.2 (All in mm).
The external Q e defined by the equation (8) 
Where the Q 0 is the unloaded Q of the open loop resonator, calculated from the equation (7), with f 0 is the resonant frequency, (Δf) 3dB is the -3 dB bandwidth of the pass band, L is the insertion loss in decibel and Q L is the loaded Q obtained by the equation (6) [12] . 6 depicts the optimized and simulated S-parameters with ADS software, we can observe that the band pass insertion loss remains lower than 0.93 dB and 1.3 dB for low and high band respectively, the insertion loss is more than 25 dB in band-stop. The return loss are around 28 dB for transmission channel and 30 dB for the receive one. Moreover the simulated isolation between the two channels is better than 30dB. The diplexer is appropriately designed to suppress the spurious harmonic of the lower band pass filter in the operating range of the second filter. As we can observe the band pass filter operating at 2.4 GHz has a harmonic suppression more than 30 dB up to 6.5 GHz.
Because of the asymmetric feed structure, many transmission zeros can be obtained, The Tx BPF operated at 2.4 GHz has two transmission zeros in the simulation band (1-6 GHz) located at 4.7 GHz and 5.16 GHz, with attenuation of 76 dB and 64 dB, respectively, which improve the band selectivity.
Moreover, this filter has a FBW of 8.1 %. The Rx BPF operated at 5.2 GHz has a FBW of 4.46 %.
Similarly, the second BPF also has many transmission zeros located at 1.7 GHz, 2.5 GHz and 3.6
GHz, with attenuation of 61 dB, 36 dB and 42 GHz respectively, which are expected to improve the isolation of the proposed diplexer. The location of the transmission zeros can be controlled by the variation of the coupled gap between the feed line and the open loop resonators. In addition, the use of filters with high selectivity explains the good isolation between the two channels. Furthermore, the proposed diplexer shows several transmission zeros beside the pass bands which improves the selectivity of the BPFs. Thus better isolation between the two BPFs and a wide stop band can be obtained. fig.   9 . Fig. 9 .a plot electrical-field distribution at 2.4 GHz, the concentration of the current at the lower pass band filter is very high while that at the higher pass filter is much lower. Fig. 9 .b present electrical-field distribution of the proposed diplexer at 5.2 GHz, as shown the current is concentrated at the higher pass band filter.
To verify the simulation results using ADS and CST microwave studio, Fig 
